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Effect of Hornification on the Adsorption Behavior of TOCN Aerogel
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Abstract: In this study, the influence of carboxymethyl cellulose(CMC) on the structure and
adsorption behavior of TEMPO-oxidized cellulose nanofibril(TOCN) based aerogel was inves-
tigated. The rheological and precipitation observations strongly supported the prevention of
TOCN hornification by CMC. The SEM images of prepared aerogel confirmed the dense pore

"'Corr'es?ponding Author: Hyungsup Kim structure owing to low hornification of TOCN. The adsorption behaviors of the fabricated

E-mail: iconclast@konkuk.ackr aerogels were isothermally and kinetically studied using methylene blue(MB) as a cationic
model dye. CMC added TOCN aerogel showed the highest maximum adsorption capacity
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Revised April 9, 2025 performance after 5 repeated adsorption cycles. The effect of TOCN hornification was an
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Figure 1. Physicochemical characterization of the TOCN, CMCs, and fabricated aerogels (a) FT-IR spectra and (b) zeta potential values.
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Figure 2. Effect of CMC on the hornification of TOCN (a) apparent viscosity and (b) sedimentation test results of pristine suspensions and aerogel

suspensions.
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Figure 3. SEM images of (a) TA, (b) TCA-L, and (c) TCA-H.
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Figure 4. Adsorption isotherms of (a) TA, (b) TCA-L, and (c) TCA-H toward MB. Red solid line: Langmuir model fitting, blue solid line: Freundlich
model fitting, respectively; coefficient value(R?) of each model is shown with the same color.
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Figure 5. Adsorption kinetics of (a) TA, (b) TCA-L, and (c) TCA-H toward MB. Blue solid line: Pseudo-first order, red solid line: Pseudo-second order,
and cyan solid line: Elovich model fitting; coefficient value(R?) of each model is shown with the same color.
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Table 2. Adsorption kinetic parameters for pseudo-second order Table 3. Adsorption kinetic parameters for intra-particle diffusion
model toward MB model for MB
Kinetic model Paramete1r TA TCA-L TCA-H Kinetic Phase Parameter A TCAL  TCAH
Pseudo- Ge(mg-g™) 71.95 79.34 88.71 model
second  ky(gmg™minT) 13.93010* 6333-10* 3632.10* . kan(mgg't) 7001 7191 8921
order R? 0975 0.970 0.999 R? 0.955 0.980 0.979
Intra- Kowem (Mg g™t 2226 3735  1.841
particle 2 5
diffusion R 0.795 0.982 0.979
& T2 Aol ARt vt Zol] HE oojRASS ;  lowm(mgg't™) 0046 0035 0093
MB2] 2} 219} TOCN W CMC2] &4 9] AJolo] AA 7] R? 0999 00395  0.381
2 Q120 @ Qlste] FAo] o] ol 3] WEo.= WekHct.
TAS] 7% F& ol =Esl7|71A] 4x3te] A™ vt
H TCA-LZ 8A|7t, TCA-He= 12A4]7F0] 4 Q E|QlTh. o] 100
w2} pseudo-second order 2E-S Fsto] AALE kz Zrol _
TASIA 714 331 CMC 7bell upe} s AgAe = 807
watt o]y3t &2 W v A|71o] ol zﬂi o g 60,
o227 RO BRIt 2= QIgt A:= A=, CMC s
H7bol uet o 2he 7] 350 wo| A4E ] MB B 2 40,
YRR AEshs dlel oj2 ol Ud Ao ke, &
Figure 6(a) —(c)Oﬂ =213}819 11, ZF phaseof| A Q] &= AF 20
ToF ARASTE Table 30| Yebth 2= &S] tist 04
o] Tz é,\—Eoﬂ u}2} phase 1(film diffusion), phase 2(internal 1 2 3 4 5
diffusion), 2] 37 phase 3(adsorption equilibrium) -7F0 2 Cycle number
i Figure 7. Recycle test results of TCA-H toward MB for 5 sequential
Phase 101]/\1 = ooj2AE0] PAS| wWE £ 2 MBE cycles. Initial dye concentration: 20 ppm, temperature: 25 °C, time:
SN, £ Ko 22 BT o] FFA TAL By AN
of =S uf v 82%2] MBS F2Fstlem, TCA-
o 55%, TCAHE: 66%5 SA3}ith BE ofol2ae]  #go] Ugd 0= Y29k TCAHL /Mg 38 =
A MBZE HA71E Qo Qlstel Aol o|Rolxl 7] HES MGy WlRe] WF A £E7} 4 el
A, FOIAE 2718 A7) BEE 2 TAH B H Uepi,
Fpo] wh=7] elofut 7o e, Phase 301413 MB] S}t &2fo] Alo] WAlshe %
Phase 2014 CMCL 7151 83 ool 8ol Tac) ol Ersisict. wetA §2hel MBe| G of 2l
vato] o] 71 A%k Bt MBZE URE FAES 2elst wskeh) gsteh Z3E e CMCrt A7k ool 2
o CMC7} A7HE 29 ooz el o 2 279 3 A% o A B sl 71 EEel Besigon], MB

=°] EE e, 11 23 MB7F W2 FAtE = of of diet F2t S7F o =2 et Ao dehE.

100 100 100
TA TCA-L TCA-H - —g—8
A
80 80 NS— 80 -
- - —n Ll /'
60 L& 60 " 60 '
- / - -
S 40 7 S 40 .r' F 40 7F
r 9
/ 20 4 20 ]
20 / // //
/.
o ol 4 o]
5 0 5 10 15 20 25 30 35 40 5 0 5 10 15 20 25 30 35 40 5 0 5 10 15 20 25 30 35 40

Q12 a2 12
(a) (b) (c)
Figure 6. Intra-particle diffusion model plots of (a) TA, (b) TCA-L, and (c) TCA-H toward MB.
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